Aims. Abundances of 15 chemical elements have been derived for 28 F and 16 A stars members of the Hyades open cluster in order to set constraints on self-consistent evolutionary models including radiative and turbulent diffusion. Methods. A spectral synthesis iterative procedure was applied to derive the abundances from selected high quality lines in high resolution high signal-to-noise spectra obtained with SOPHIE and AURELIE at the Observatoire de Haute Provence. The overall shape of the abundance pattern of the slow rotator HD30210 cannot be entirely reproduced by models including radiative diffusion and different amounts of turbulent diffusion. Conclusions. While part of the discrepancies between derived and predicted abundances could be due to non-LTE effects, the inclusion of competing processes such as rotational mixing and/or mass loss seems necessary in order to improve the agreement between the observed and predicted abundance patterns.
Introduction
Abundance determinations for A and F dwarfs in open clusters and moving groups aim at elucidating the mechanisms of mixing at play in the interiors of these main-sequence stars. This paper is the third in a series addressing the chemical composition of A and F dwarfs in open clusters of different ages. The objectives of this long-term project are twofold: first, we wish to improve our knowledge of the chemical composition of A and F dwarfs, and secondly we aim to use these determinations to set constraints on particle transport processes in self consistent evolutionary models. The first paper , hereafter Paper I) addressed the abundances of several chemical elements for 11 A and 11 F dwarf members of the Coma Berenices open cluster. In the second paper (Gebran & Monier 2008, Paper II) , abundances were derived for the same chemical elements for 16 A and 5 F dwarf members of the Pleiades open cluster. In this study, we present a re-analysis of the A and F dwarf abundances in the Hyades open cluster, already addressed by Varenne & Monier (1999) using mono-order spectra on much more limited spectral ranges (three 70 Å wide spectral intervals). The new data we collected are high signal to noise and high resolutioń echelle spectra stretching over more than 3000 Å which enabled us to synthesize more lines with high quality atomic data (and Open clusters are excellent laboratories to test stellar evolution theory. Indeed stars in open clusters originate from the same interstellar material, and thus have the same initial chemical composition and age. At a distance of ∼46 pc (van Leeuwen 2007) , the Hyades open cluster is the nearest star cluster and also the most analyzed of all clusters. Perryman et al. (1998) compared the observational HR diagram of the Hyades with stellar evolution models and obtained an estimation of the age of this cluster (∼625 Myr) using a combination of Hipparcos data with ground-based photometric indexes. derived a metallicity for the Hyades slightly above solar ( <[Fe/H]>=0.127±0.022 dex ) from their analysis of Fe I lines in 14 F dwarfs. In a study of 40 Hyades G dwarfs, Cayrel de Strobel et al. (1997) also derived a mean metallicity of <[Fe/H]>=+0.14±0.05 dex. Abundances derived from calibration of Geneva photometry by Grenon (2000) (<[Fe/H]>=+0.14±0.01) also yield a slightly enhanced metallicity.
Several papers have addressed the chemical composition of A and F dwarfs in the Hyades open cluster. Carbon and iron abundances have been derived for 14 F stars by and . Lithium abundances have been determined for several F, G and K dwarfs by Cayrel et al. (1984) , Boesgaard & Tripicco (1986) , Boesgaard & Budge (1988) and Thorburn et al. (1993) . Garcia Lopez et al. (1993) have derived the oxygen abundances for 26 F dwarfs members of the Hyades cluster. Carbon, oxygen, sodium, magnesium, silicon, calcium, scandium, chromium, iron, nickel, yttrium and barium abundances have been derived for A stars by Takeda & Sadakane (1997) , Hui-Bon-Hoa & Alecian (1998) , Burkhart & Coupry (2000) and Varenne & Monier (1999) . Most of these studies, at the exception of Varenne & Monier (1999) , have focused mainly on the peculiar Am stars, leaving aside the normal A stars. For a given chemical element, large star-to-star variations were found among A stars in several open clusters like the Pleiades (Paper II) and Coma Berenices (Paper I) . Varenne & Monier (1999) found significant star-to-star variations in the abundances of O, Na, Ni, Y and Ba for A stars in the Hyades whereas the F dwarfs display much less dispersion. Similarly, star-to-star variations of [Fe/H] , [Ni/H] and [Si/H] are larger for the A dwarfs than for the F dwarfs in the Ursa Major group (Monier 2005) . This behavior was also observed in earlier works on field A stars (Holweger et al. 1986 , Lambert et al. 1986 , Lemke 1998 , 1990 , Hill & Landstreet 1993 , Hill 1995 , Rentzsch-Holm 1997 and Varenne 1999 . The incentive to reanalyze the chemical composition of A and F dwarfs of the Hyades is justified by the acquisition of higher quality spectra encompassing a much wider spectral range than used in Varenne & Monier (1999) . This allowed us to model more lines of higher quality (ie. with more accurate atomic data) for most investigated chemical elements yielding more accurate abundances for several species.
We have also searched for correlations of the abundances of individual elements with that of iron, an issue not addressed in Varenne & Monier (1999) . Furthermore, the state of the art of modelling the internal structure and evolution of A dwarfs has improved over the last ten years and we present here comparisons of new models to the observed pattern of abundances. The selection of the stars and the data reduction are described in §2. The determination of the fundamental parameters (T eff and log g) and the spectrum synthesis computations are discussed in ( §3). As in Papers I and II, the behavior of the abundances of the analysed chemical elements in A and F dwarfs have been investigated in §4 with respect to effective temperature (T eff ), projected rotational velocity (v e sin i) and the iron abundance ([Fe/H] ). In §5, the found abundance patterns are compared to recent evolutionary models including self consistent treatment of particle transport (Turcotte et al. 1998b; Richer et al. 2000 and Richard et al. 2001) . The abundance pattern of the Am star, HD 30210, is modelled in detail using the latest prescriptions in the Montreal code . Conclusions are gathered in §6.
Program stars, observations and data reduction
Our observing sample consists of 28 F and 16 A members of the Hyades cluster brighter than V=7 (the same sample selected by Varenne & Monier 1999) . At the distance of the Hyades, V=7 mag corresponds to the latest F dwarfs (F8-F9). A Hertzsprung-Russell (HR) diagram of the Hyades, shown in Fig.1 , was constructed using the effective temperatures we derived in section 3 , the V magnitudes retrieved from SIMBAD and appropriate bolometric corrections. We adopted a cluster distance of 46.5±0.3 pc (van Leeuwen 2007), a reddening of 0.010±0.010 mag (WEBDA 1 ) and the bolometric corrections given by Balona (1994) . The uncertainty on the bolometric correction is of the order of 0.07 mag, leading to a typical uncertainty in M bol of about 0.15 mag, corresponding to an uncertainty of about 0.05 dex in log L/L . In the HR diagram of Fig. 1 the Am stars are depicted as filled squares, the normal A stars as filled circles and the F stars as filled triangles, the spectroscopic binaries as open squares. We did not correct the luminosities of the binaries since the contribution to the total flux due to the secondary is not known.
The age of the cluster can be estimated by adjusting isochrones by Marigo et al. (2008) , including overshooting and calculated for a metallicity of Z = 0.025 dex, which corresponds roughly to the mean of the recent determinations by Perryman et al. (1998) , Castellani et al. (2002) , Percival et al. (2003) , Salaris et al. (2004) , Taylor (2006) , Holmberg et al. (2007) plus the value given in WEBDA. Fig.1 displays two isochrones: one corresponding to the age given in WEBDA (log t = 8.9 -full line) and our best fit corresponding to a slightly lower age (log t = 8.8 -dashed line), which agrees quite nicely with the determination by Perryman et al. (1998) : t=625±50 Myr. We are inclined to rule out a lower metallicity which would lead to a much lower value of the age (models without overshooting would lead to a much lower age). Following Landstreet et al.(2007) , we have also derived M/M , fractional age (fraction of time spent on the Main Sequence noted as τ) and their uncertainties for each star and collected them in online Table 7 . In Fig. 1 , the star HD 27962 (= 68 Tau) is located at a much higher effective temperature than the other A dwarfs of similar luminosities. Mermilliod (1982) confirmed its membership to the Hyades and proposed that HD 27962 is a blue straggler with the spectral characteristics of an Am star. Abt (1985) Fig. 1 . HR diagram of the Hyades cluster. The two isochrones are calculated with the age given in WEBDA (log t=8.9 -full line) and our best fit (log t=8.8 -dashed line.)
The A stars were observed using SOPHIE, theéchelle spectrograph at the Observatoire de Haute-provence (OHP). SOPHIE spectra stretch from 3820 to 6930 Å in 39 orders with two different spectral resolutions: the high resolution mode HR (R=75000) and the high efficiency mode HE (R=39000). All A stars were observed in the HR mode. The observing dates, exposure times and Signal to Noise ratios achieved for each A star are collected in Table 2 . On good nights, an exposure time of 25 minutes typically yielded well exposed spectra with signal-to-noise ratios ranging from 300 to 600, depending on the V magnitude. As we did not get enough observing time to observe the F stars with SOPHIE as well, we have used the mono-order AURELIE spectra obtained by Varenne & Monier (1999) . For each F star, three spectral regions centred on λ6160 Å, λ5080 Å and λ5530 Å had been observed at resolutions 30000 (V ≥ 6) or 60000 (V ≤ 6) and signal to noise ratios close to 200. The fundamental data for the selected stars are collected in Table  1 . The van Bueren and Henry Draper identifications appear in columns 1 and 2, the spectral type retrieved from SIMBAD or from Abt & Morell (1995) in column 3 and the apparent magnitudes in column 4. Effective temperatures (T eff ) and surface gravities (log g), derived from uvbyβ photometry (see section 3), appear in columns 5 and 6. The derived projected rotational velocities and the microturbulent velocities are in columns 7 and 8. Comments about binarity and pulsation appear in the last column. The apparent rotational velocities range from 11 km.s −1 to 165 km.s −1 , only 7 stars rotate faster than 100 km.s −1 . Inspection of the CCDM catalogue (Dommanget & Nys 1995) reveals that 13 among the 16 A stars are in binary or multiple systems. All of these stars are primaries and the components are much fainter (1 mag< ∆m <9.5 mag ). Only the case of HD27962 (CCDM J04255+1755 AB) has to be accounted for because its companion (component B) is three magnitudes fainter than A and at only 1.4" from A. In case of F stars, 13 among the 28 stars belong to multiple systems. Six of them have nearby companions whose angular distance was probably less than the fiber angular size on the sky (3 arcsec) and who are only three magnitudes fainter than the brightest star we analysed. The spectral types of these companions is unknown. For the F stars, these are: -HD26015 = CCDM J04077+1510A has a companion at about 4" with ∆m = 2.8 mag -HD27383 = CCDM J04199+1631AB: components A and B are very close with ∆m = 2.0 mag -HD27991 = CCDM J04257+1557AP: companion P is quoted to be at 0.1" with ∆m = 0.7 mag -HD28363 = CCDM J04290+1610AB is a spectroscopic binary whose angular separation is not specified with a ∆m = 1.0 mag -HD30810 = CCDM J04512+1104AB is a triple star whose component B has same magnitude as A, no angular separation is provided. For these six stars, we believe that the light of the companions might have contaminated the spectra of the brightest components we analysed. The effects are probably most pronounced for the F stars HD26015, HD27383, HD27991, HD28363 and HD30810. The SOPHIE spectra were reduced using IRAF (Image Reduction and Analysis Facility, Tody 1993) in order to properly correct for scattered light. The sequence of IRAF procedures, which follows the method devised by Erspamer & North (2002) , is fully described in Paper I. 
Abundance analysis: method and input data
The abundances of 15 chemical elements have been derived by iteratively adjusting synthetic spectra to the normalized spectra and minimizing the chi-square of the models to the observations. Spectrum synthesis is mandatory as the apparent rotational velocities range from 11 to 165 km.s −1 . Specifically, synthetic spectra were computed assuming LTE using Takeda's (1995) iterative procedure and double-checked using Hubeny & Lanz (1992) SYNSPEC48 code. This version of SYNSPEC calculates lines for elements up to Z=99.
Atmospheric parameters and model atmospheres
The effective temperatures and surface gravities were determined using the UVBYBETA code developed by Napiwotzki et al. (1993) . This code is based on the Moon & Dworetsky (1985) 's grid, which calibrates the uvbyβ photometry in terms of T eff and log g. The photometric data were taken from Hauck & Mermilliod (1998) . The estimated errors on T eff and log g, are ±125 K and ±0.20 dex, respectively (see Sec. 4.2 in Napiwotzki et al. 1993 ) and the microturbulent velocities (constant with depth).
The linelist
For the A stars, the linelist used for spectral synthesis is the same as in Paper I. All transitions between 3000 and 7000 Å from Kurucz's gfall.dat 2 linelist were selected. The abundance analysis relies on more than 200 transitions for the , 5 15 selected elements as explained in Paper I. The adopted atomic data for each elements are collected in Table 8 of Paper I where, for each element, the wavelength, adopted oscillator strength, its accuracy (when available) and original bibliographical reference are given. The two sodium lines at 5890 and 5896 Å were not used in this present paper. These lines are likely to be affected by interstellar absorption and non-LTE effects, an LTE treatment assuming depth independent microturbulence underestimates abundances (Takeda et al. 2009 ). For the F stars, the same linelist was used except for iron and magnesium since only FeI and MgI lines are available in the AURELIE spectra. We have used the same atomic data for these lines as those in Table 3 of Varenne & Monier (1999) . Most of the lines studied here are weak lines formed deep in the atmosphere where LTE should prevail. They are well suited for abundance determinations. We have also included data for hyperfine splitting for the selected transitions when relevant, using the linelist gfhyperall.dat 3 . However the moderate spectral resolution of the spectra and smearing out of spectra by stellar rotation clearly prevent us from detecting signatures of hyperfine splitting and isotopic shifts in our spectra.
Spectrum synthesis
For each modelled transition, the abundance was derived iteratively using Takeda's (1995) procedure which minimizes the chi-square between the normalized synthetic spectrum and the observed one. As explained in Paper I, Takeda's code consists in two routines. The first routine computes the opacity data and it is based on a modified version of Kurucz's Width9 code (Kurucz 1992a) while the second computes the normalized flux and minimizes the dispersion between synthetic and observed spectra (see Paper I for a complete description of the method). We first derived the rotational (v e sin i) and microturbulent (ξ t ) velocities using several weak and moderately strong FeII lines located between 4491.405 Å and 4508.288 Å and the MgII triplet at 4480 Å by allowing small variations around solar abundances of Mg and Fe as explained in Sec. 3.2.1 of Paper I. The weak iron lines are very sensitive to rotational velocity but not to microturbulent velocity while the moderately strong FeII lines are affected mostly by changes of microturbulent velocity. The MgII triplet is sensitive to both ξ t and v e sin i. Once the rotational and microturbulent velocities were fixed, we then derived the abundance that minimized the chi-square for each transition of a given chemical element. These individual abundances may differ because of different levels of accuracies in the atomic data of each line and possibly because of deviations from LTE in a few of them. The derivation of the mean abundance from these individual abundances is explained in Sec. 3.5. The abundances were then double-checked using Hubeny & Lanz's (1992) SYNSPEC48 code.
As an example, we display in Fig. 2 the final synthetic spectrum which best fits several Fe II lines in the observed spectrum of HD28527 (A6IV) in the spectral interval 4513-4525 Å. In this region, the independent fit of each line yields only slightly different abundances. The displayed synthetic spectrum is computed for an iron abundance of +0.30 dex, which is the derived mean value in HD28527. In the case of stars rotating faster than about 80 km/s, the 
Internal Consistency checks on the spectral energy distribution
For a few stars, we have checked the fundamental parameter determinations by modelling the entire spectral energy distribution from far UV to IR with the theoretical ATLAS9 flux computed for the derived fundamental parameters and the individual abundances. Fig. 3 exemplifies this check for HD 27819. The theoretical spectral energy distribution was computed with the LLmodel code (Shulyak et al. 2004 ). The observed spectral energy distribution was constructed from Adelman et al's (1989) spectrophotometry and IUE spectrophotometry: SWP04446 (low resolution) + LWP16605 (high resolution resampled to the LWP low resolution). The theoretical LLmodel spectral energy distribution, degraded to a spectral resolution comparable to that of the IUE low resolution spectra, follows nicely the overall shape of the observed flux distribution which leads credence to the adopted fundamental parameters and the derived abundances.
Mean abundances and uncertainties
Apparent rotational velocity, microturbulent velocity were determined for all sample stars. The abundances of 15 chemical elements were determined for most of the stars (when the selected lines were accessible with good signal-to-nois ratios). The abundances for A and F stars are collected in Online Tables 5 and 6 . These abundances are relative to the sun 4 . Solar abundances are from Grevesse & Sauval (1998) . For each chemical element the final abundance is an average of the abundances derived from each line. The errors on the final abundances (labelled as σ) are standard deviation assuming a Gaussian distribution of the abundances derived from each line:
wherex is the mean value of the abundance, N the number of lines of the element and σ the standard deviation. Accordingly the error on the abundance of a given element depends on the individual abundances derived from each line and usually varies from star to star. When only one transition was used to derive the abundance (for CI, OI 5 , MgI, SiII, CaII, ScII and YII in F stars), the corresponding error was computed according to the formulation explained in Appendix A of Paper I. It consists into perturbating each of the 6 nominal parameters (T eff , log g, ξ t , v e sin i, log g f and the continuum position) and repeating the fit for each line. The perturbations ∆(T eff ) and ∆(log g) are 200 K and 0.20 dex, respectively (Napiwotzki et al. 1993) . ∆(v e sin i) is estimated as 5% of the nominal v e sin i and ∆(ξ t ) is 1 km.s −1 (Gebran 2007) . ∆(log g f ) depends on the accuracy of the considered lines. It varies from 3% to more than 50%. For more details concerning the accuracies on the oscillator strengths, see Tab. 8 (3 rd column) of Paper I and Tab. 3 (3 rd column) of Varenne & Monier (1999) . The continuum placement error depends on the rotational velocity of the star and is fully explained in Paper I. The difference between the nominal abundance and the one derived with the perturbated parameter yields the uncertainty affected to the given parameter. Considering that the errors are independent, the upper limit of the total uncertainty σ tot i for a given transition (i) is:
Online Table 8 collects the abundances derived for each transition for each studied element in all A and F stars including Procyon (F5V) which served as control star for 5 Oxygen lines are blended in F stars because of the low resolution of AURELIE spectra, which is not the case of SOPHIE's A stars. 
Results
We have first tested the spectrum synthesis on Procyon whose abundances are almost solar (Steffen 1985) . For elements having lines on the 3 AURELIE spectral ranges, abundances agree weel. The derived abundances are displayed in Fig. 4 . We have found nearly solar abundances for all the elements except for strontium. The differences between the abundances we derived and those derived by Steffen (1985) are depicted as squares in Fig. 4 . They are less than 0.10 dex for 13 out of 15 elements and less than 0.15 dex for the remaining (Ni and Zr), typically less then the order of magnitude of the uncertainties. We found an apparent rotational velocity of 6 km.s star variations of Am stars are usually larger than for the A stars. In contrast, F stars exhibit little scatter around the mean abundances. For clarity reasons, the abundances of F stars are sorted out in two graphs: the data for stars cooler than 6600 K appear in Fig. 5c , and for those hotter than 6600 K in Fig. 5d . At the age of the Hyades, a F star with a temperature of 6600 K has a 1.3-1.4 M mass. As explained in sect. 5.1.2, the evolutionary models show that the effects of atomic diffusion are more pronounced in all stars earlier than F5 (M >1.3M ) (Turcotte et al. 1998a) . Sorting out the F stars into two groups (T eff <6600 K and T eff ≥6600 K) helps to highlight the occurrence of diffusion in the most massive F stars. Graphically, we have compared the abundances derived in this study (filled circles) with previous determinations for 9 stars in Figure 6 . The abundances of Mg, Ca, Sc, Cr, Fe and Ni derived by Hui-Bon-Hoa & Alecian (1998) for HD27819, HD27962 and HD30210 are depicted as losanges, the abundances of Si and Fe in HD27819 and HD30210 derived by Burkhart & Coupry (2000) as empty triangles and those of C, O, Na, Mg, Si, Ca, Sc, Fe, Ni and Y derived by Varenne & Monier (1999) as empty squares. For all stars, the overall shapes of the abundance patterns agree well. Differences exist for individual elements mostly because of the use of different microturbulent velocities, rotational velocities, and in the case of A stars, different ionization levels. We have also compared the derived iron abundances for F stars in this work with the compilation available in (BF), they mostly rely on adjustments of theoretical equivalent widths to observed ones. Differences arise from the usage of different effective temperatures with a fixed gravity (log g=4.5 dex), older version of Kurucz ATLAS model atmospheres, different microturbulent velocities (determined using Nissen's 1981 fit) and different neutral iron lines.
Comments on particular stars
Am stars are expected to be underabundant in light elements, underabundant in calcium and/or scandium as well as overabundant in iron-peak and heavy elements. HD27962 is the hottest A star in the Hyades, Mermilliod (1982) suggested that it may be a blue straggler on basis of its location on the HR diagram. Conti (1965) classified HD 27962 as an Am star based on the weakness of the scandium line at λ4246 Å and the strength of strontium line at λ4215 Å. Abt (1985) assigned a spectral type Am (A2KA3HA5M) to HD 27962. Our analysis shows that scandium is deficient by -0.90 dex and that iron-peak and heavy elements are enhanced in this star so that it has the characteristics of an Am star. Our analysis of HD28355 (A7V/A5m) also confirms its Am status as scandium is deficient by -1.05 dex and iron-peak and heavy elements are enhanced. Hauck (1977) had previously classified HD28355 as an Am star on basis of Geneva photometry. Both HD 27962 and HD 28355 are classified as Am in the catalog of Renson (1992) . The seven stars represented in Fig. 5b are classified as Am in the catalog of Renson (1992) . The abundances of all these stars except HD 29499 display the characteristic jig-saw pattern of Am stars: underabundances of light elements, of Ca and/or Sc and overabundances of metals and heavy elements. Our abundance analysis strongly suggest that HD29499 (A5m) may actually be a normal A star: it does not have Ca nor Sc deficiencies and is only moderately enriched in iron-peak and heavy elements.Its apparent rotational velocity is around 60 km.s −1 which is rather large for an Am star. Abt & Morrell (1995) have classified HD29499 as a giant star with metallic lines (A9III) but the surface gravity we found for HD 29499 suggests that it still be on the Main Sequence.
Behavior of the abundances of individual elements
As we have done for the Coma Berenices cluster (see Paper I), the behavior of the found abundances has been studied versus apparent rotational velocity (v e sin i) and effective temperature (T eff ). Any correlation/anticorrelation would be very valuable to theorists investigating the various hydrodynamical mechanisms affecting photospheric abundances. As we emphasized in Paper I, the existence of star-to-star variations with fundamental parameters can be established independently of errors in the absolute values of the oscillator strengths, since all stars will be Fig. 7 . For a given element, there is usually a considerable scatter in abundances at a given rotation rate. None of the derived abundances in this study exhibits a clear correlation nor anticorrelation with v e sin i. Charbonneau & Michaud (1991) have analyzed the effect of meridional circulation on the chemical separation of elements in rotating stars. They showed that for stars rotating at less than v e sin i≤100 km.s −1 , no correlation should be expected between abundances and apparent rotational velocities. This prediction is verified by our findings (see Fig. 7 ). Even if we distinguish two velocity regimes (v e sin i≤100 km.s −1 and vsini≥100 km.s −1 ), we fail to find any dependence between the abundances of any of the 15 chemical elements and the apparent rotational velocity. Recently, Takeda et al. (2008) have found that the peculiarities (underabundances of C, O, and Ca) seen in slow rotators efficiently decrease with an increase of rotation and almost disappear at v e sin i≥100 km.s −1 . We confirm that for these chemical elements abundance anomalies vanish at v e sin i≥100 km.s star-to-star dispersion in [C/H]. Non-LTE corrections for oxygen abundances are negligible in the case of the OI lines considered here (see Paper I). Carbon and Oxygen tend to be more deficient in Am stars than in A stars of similar effective temperatures or rotation rate. For A stars, sodium abundances appear to be slightly correlated to the iron abundances as seen in Fig. 8 . We found important star-to-star abundance variations in [Na/H]. In Fig. 9 , the scatter of [Mg/H] for both F and A stars does not exceed the typical uncertainty (0.20 dex) which suggests that there are no significant star-to-star variations in magnesium abundances. As mentioned in Paper I, the MgII λ4481 Å & Monier (1999) , the derived microturbulent abundances were larger (up to 5 km.s −1 ) that those derived here, leading to lower abundances of calcium. Star-to-star variations in scandium abundance are clearly present for A stars (Fig.  10) . Scandium is the most scattered of all analyzed elements. Scandium abundances do not appear to be correlated to iron abundances for both A and F stars. All Am stars except (Fig.10) . The titanium abundances of the Hyades A stars do not appear to be correlated with the iron abundances. The chromium abundance appears to be only loosely correlated to that of iron. Iron abundances have been derived for all F and A stars of our sample. Neutral iron lines were used for F stars yielding a mean abundance of < [Fe/H] > F =0.05±0.05 dex. This value, which represents the average metallicity of the cluster, is almost 0.1 dex smaller than the value derived by from a different sample of 14 F Dwarfs (+0.127±0.022 dex using different FeI lines from ours). For the 16 A stars, 27 lines of FeII were synthesized. The normal A and Am stars scatter around their mean abundance with a maximum spread of about 0.50 dex, which is more than twice larger than the typical uncertainty on [Fe/H] is about 0.20 dex. This suggests real star-to-star variations in [Fe/H] among the Hyades A stars. Nickel behaves similarly to iron (see Fig. 11 ), the A stars display large star-to-star variations in [Ni/H] and the abundances are clearly correlated with the iron abundances, the correlation coefficient being close to 1. All Am stars appear to be overabundant in strontium. Star- 
Discussion

Self-consistent evolutionary models
The derived abundances have been compared to the predictions of recent evolutionary models. These models are calculated with the Montréal stellar evolution code. The chemical transport problem is treated with all known physical processes from first principles, which includes radiative accelerations, thermal diffusion and gravitational settling (for more details see Turcotte et al. 1998b , Richard et al. 2001 and references therein). These models follow the chemical evolution of most elements as well as some isotopes up to Z ≤ 28 (28 species in all). As the abundances change, the Rosseland opacity and radiative accelerations are continuously recalculated at each mesh point and for every time step during evolution which means that the treatment of particle transport is completely self-consistent. The spectra used to calculate the monochromatic opacities are taken from the OPAL database (Iglesias et al. 1996) . The radiative accelerations are calculated as described in Richer et al. (1998) with corrections for the redistribution of momentum from Gonzalez et al. (1995) , and LeBlanc et al. (2000) . The mixing length parameter and initial helium abundance (α = 2.096 and Y 0 = 0.2779 respectively) are calibrated to fit the current luminosity and radius of the Sun (see Turcotte et al. 1998b, model H) . Models are evolved from the pre-main sequence with a solar scaled abundance mix. The initial abundance ratios are given in Table 1 of Turcotte et al. (1998b) . For the initial mass fraction of metals we used both Z 0 = 0.02, the solar metal content, and Z 0 = 0.024 (to represent the increased metallicity of the Hyades, Lebreton et al. 2001) . Fig. 13 . Comparison of the predicted surface abundances for stars of 1.8, 2.0 and 2.15 M with different turbulence prescriptions and different initial metallicities with those derived (depicted as diamonds with their respective uncertainties) for the Am star HD30210 (T eff = 8082 K and log g = 3.92). The gray symbol for Sc indicates that it is not considered in the evolutionary models.
The A stars
The derived abundances in A stars are compared to the predictions of self-consistent evolutionary models calculated as in Richer et al. (2000) . These models include an arbitrary parameter, the amount of mass mixed by turbulent mixing, in order to lower the effects of chemical separation and better fit the abundances of AmFm stars. The effect of turbulence is to extend the mixed mass below the surface convection zone, down to layers where atomic diffusion is less efficient (ie. where time scales are longer due to higher local density). A priori, the cause of turbulence is not considered, however it was found to be compatible with rotationally induced turbulence as calculated by Zahn 2005 and Talon et al. 2006 . The surface abundances are shown to depend solely on the amount of mass mixed as well as initial metallicity. In Figure 13 , we compare the predicted surface abundances for five models with masses of 1.8, 2.0 and 2.15 M to the observed abundances of the Hyades A2m star HD30210 (T eff = 8082 K and log g = 3.92 dex). The models are shown for both Z=0.02 and Z=0.024. To help interpret the chosen nomenclature, the 2.0T5.3D1000-3 corresponds to a 2.0 M star for which the abundances are completely homogenized down to log T = 5.3. Below this point, as we move deeper inside the star, the turbulent diffusion coefficient D T = 1000 D He (the helium diffusion coefficient) decreases as ρ −3 (2.0T5.3D25K-3 would have the same behavior except that the turbulent coefficient D T = 25000 D He at log T = 5.3). It is clear from the plot that the amount of prescribed turbulence has an influence on the surface behavior. The model 2.0T5.3D1000-3 does not sufficiently impeed microscopic diffusion to reproduce most abundances. However, for all other models with greater turbulence, the predicted carbon and oxygen underabundances are not as important as the observed anomalies. The predicted slight underabundances of Na, Mg and Si are not observed in HD30210, but are observed in a few of the Am stars. However the silicon abundance is probably too large. The model that best fits the data is 2.15T5.3D25K-3Z0.024, which has a turbulence prescription which was equivalently able to reproduce the observations in Coma Berenices (see Figures 14 and 15 of Paper I). As in Paper I, models with less turbulence roughly replicate the observations for Z < 12 and the more turbulent models are better able to reproduce the heavier elements (Z > 15). The different metallicities do not lead to significant differences in the predicted abundance patterns, but do have an important effect on T eff .
The F-type stars
For the F dwarfs, we have compared the found abundances to the predicted surface abundances for C, O, Na, Mg, Fe and Ni using Turcotte's evolutionary models at 620 Myr (Turcotte et al. 1998a ). These models, calculated for masses ranging from 1.1-1.5 M , treat radiative diffusion in detail but do not include macroscopic mixing processes (meridional circulation, turbulence or mass loss). They show that the effects of atomic diffusion, namely the appearance of surface abundance anomalies, can be expected in all stars earlier than F5 (M * > 1.3 M ). The found mean carbon abundance for F stars, <[C/H]>=-0.09 dex with very small dispersion, does not agree with predicted underabundance at 620 Myr (log age = 8.79 in Figure 7 of Turcotte et al. 1998a ) and for a 1.4M star, representative of the F stars analysed here. The oxygen abundances, which show large scatter for the F stars, can typically be underabundant by -0.41 dex or overabundant by up to 0.28 dex for a 1.4M F star (roughly an effective temperature of 6700 K at the age of the Hyades). Again, they do not agree with the predicted surface underabundances [O/H] predicted by Turcotte et al. (1998a) . The predicted solar Na abundances match reasonably well of our determinations for F stars. Magnesium is predicted to be slightly underabundant (Fig. 7 of Turcotte et al. 1998a), whereas for most F stars we find overabundances. Finally, iron and nickel are found to be mildly overabundant in case of F stars with T eff ∈[6600K,6800K] (<[Fe/H]>=0.06 dex and <[Ni/H]>=0.11 dex). These results disagree with the overabundances of 0.5 and 0.8 dex respectively for a 1.4 M . As expected, these purely diffusive models typically predict too little C and O and too much iron-peak elements.
Conclusion
Selected high quality lines in new high resolutionéchelle spectra of 16 A and 28 F stars of the Hyades have been synthesized in a uniform manner to derive LTE abundances, a few of which have been corrected for Non-LTE effects whenever possible. Even when binary stars are removed, the abundances of several chemical elements for A stars and early F stars exhibit real star-tostar variations, significantly larger than for the late F stars. The largest spreads occur for Sc, Sr, Y, Zr while the lowest are for Mg, Si and Cr for A stars. and had already found similar behaviour in the Coma 
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Berenices and the Pleiades. The derived abundances do not depend on effective temperatures nor apparent rotational velocities as expected since the timescales of diffusion are much shorter than those of rotational mixing (Charbonneau & Michaud 1991 in the Hyades appear to be more deficient in C and O and more overabundant in elements heavier than Fe but not all are deficient in calcium and/or scandium. The F stars have nearly solar abundances for almost all elements except for Si and Ca. The Blue Straggler HD 27962 appears to have abundances characteristic of an Am star (scandium deficiency and enrichment in iron-peak and heavy elements). Conversely our abundance analysis of HD 29499 (A5m) yields normal abundances in Ca and Sc and only moderate enrichment in iron-peak and heavy elements suggesting that this star might be a normal A star. The detailed modelling of the A2m star HD 30210 including radiative diffusion and different amounts of turbulent diffusion reproduces the overall shape of the abundance pattern for this star but not individual abundances. Models with the least turbulence reproduce the abundances of the lightest (Z < 12) and those with most turbulence reproduce abundances of elements with Z > 15. For a few elements, the discrepancies between derived and predicted abundances could be due to Non-LTE effects. However, the inclusion of competing processes such as different prescriptions of rotational mixing (Zahn 2005) and/or different amounts of mass loss (Vick et al. , in preparation) could well improve the agreement between observed and predicted abundance patterns. Takeda, Y. 1995, PASJ, 47, 287 Takeda, Y., Han, I., Kang, D.-I., Lee, B. 
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